ABSTRACT
INTRODUCTION
Diabetes mellitus is a syndrome of altered metabolism characterized by chronic hyperglycemia due to an absolute deficiency of insulin secretion and/or insulin resistance. Diabetes is increasing throughout the world and is currently considered one of the main threats to human health in the 21st century. It is estimated that 100 million individuals currently suffer from diabetes, with more than 16 million diabetics in the United States alone. Considerable progress has been made in understanding the underlying molecular mechanisms of diabetic complications, and new treatment modalities are beginning to appear in the clinical arena (1) . Diabetes is known to alter contractile and electrical characteristics of skeletal muscles, it is clear that the effects of diabetes on skeletal muscle function differ from one muscle to another and this has been related to muscle fiber type distribution (2) . Skeletal muscle fibers are divided according to the myosin heavy chain isoform (MHC) into slow (MHC I) and 3 fast (MHC IIA, IIX and IIB) fiber types. Patients suffering from noninsulin-dependent diabetes are insulin resistant in their skeletal muscles but are generally normal when it comes to skeletal muscle fiber composition (3) . There is substantial evidence that hyperglycemia results in the generation of reactive oxygen species , depletes natural antioxidants, impairs the prooxidant / antioxidant balance and increases oxidative stress which contributes to the progression of diabetes and its complications (5) . Promising strategies using antioxidant compounds to prevent oxidative damage in diabetes have been proposed (6) . As far as skeletal muscle is concerned, it has been demonstrated that oxidative stress affects genes involved in protein synthesis (7) and abundant evidence implicates oxidative stress as a potential regulator of proteolytic pathways in the muscle and can be involved in the molecular regulation of muscle atrophy attributable to prolonged disuse (8) . Moreover the skeletal muscle mitochondrial DNA has been shown to be a potential site for oxidative stress resulting in increased DNA damage (9) . Contracting skeletal muscle generates reactive oxygen species that can induce changes in gene expression or cell damage depending upon the pattern of production and the endogenous protective systems. The hypothesis is presented that skeletal muscle uses contraction-induced reactive oxygen species as signals to induce adaptive responses including maintenance of oxidative homeostasis and prevention of oxidative damage (10) . Studies using single muscle fibers have shown that myosin motor function is inhibited by the excess generation of reactive oxygen species leading to reduction of muscle work and power output 
MATERIAL &METHODS

Chemicals:
Streptozotocin, vitamin E, arachis oil and selenium were purchased from Sigma Chemical Company, St. Louis, Missouri, USA.
Animals:
24 male rats of the local breed weighing 150 -200 gram were used in this study, they were kept in the animal house, Kasr Al-Aini faculty of medicine, Cairo University. The rats had free access to standard rat chow and water ad libitum, they were kept at 22 ± 1ºC temperature at 12 hour darklight cycles.
Experimental groups:
Rats were randomly divided into 4 groups, each one included 6 rats: Control group (Group I), received i. 
The in-situ isometric measures:
After 4 weeks each animal was anaesthetized by inhalation of ether, the right limb was fixed, skin was opened and the distal tendon of the fast twitch gastrocnemius muscle (28) was sectioned and attached to a force transducer (Intercept TSC286/1). The output signals were then fed to a bipotential amplifier (Intercept) and displayed using personal computer-based data capture and acquisition software (Phys 4 intercept). The muscle was activated with electrodes by using monophasic rectangular pulses of 0.2 milliseconds duration of anodal current. Adjustments to muscle length were made to find optimal length for maximum twitch force. Stimulus intensity was increased until maximum twitch force was obtained. A minimum of 2 tetanic contractions were made with the greatest being taken, a recovery interval of 5 minutes was taken between each contraction (29) . Using screen cursors, the following parameters were recorded from each gastrocnemius muscle: Twitch measurements: tension (expressed as screen units), time to peak tension and half relaxation time (expressed in milliseconds.) Tetanic contraction measurement: peak tetanic tension (expressed as screen unites).
The gastrocnemius muscles were then excised and frozen for further determination of malondialdehyde (MDA) and glutathione peroxidase (GPX) levels as markers of oxidative stress.
Spectrophotometric determination of MDA:
Frozen skeletal tissues were minced and homogenized in1 ml of Tris HCL (10 Mm pH 7.5), NaCl, (150 Mm), tritonX 100, (1% v/v)), and PMSF (10 Mm). Lipid peroxidation was determined by measuring MDA in skeletal tissue homogenates using thiobarbituric acid TBARS method according to Ohkawa et al.
(30) . An aliquot (100 µL) of the homogenate was added to a reaction mixture containing 100 µL of 8.1% sodium dodecyl sulfate (SDS), 750 µL of 20% acetic acid (pH 3.5), 750 µL of 0.8 % thiobarbituric acid (Sigma) and 300 µL distilled water. Samples were then boiled for 1 h at 95℃ and centrifuged at 4000 x g for 10 min. The absorbance of the supernatant was measured by spectrophotometry at 650 nm. The TBARS content was expressed as nmol/mg tissue protein.
Spectrophotometric determination of GPX:
Samples were homogenized in phosphate buffer (0.1 mol/l, pH 7.4) and centrifuged for 20 min at 3000 x g. The whole procedure was performed at 4°C. The reaction mixture contained 100 µl of NADPH solution (8.4 mmol/l, Sigma), 10 µl glutathione reductase (GSSG-R, 100 U/mg protein/ml, Sigma), 10 µl sodium azide (1.125 mol/l, Sigma), 100 µl glutathione (0.02 mol/l, GSH, Sigma) filled with phosphate buffer (0.05 mol/l, pH 7.0) up to the volume of 2.8 ml and 100 µl of supernatant. The rate of GSSG formation was measured by the following decrease in absorbance of the mixture at 340 nm, as NADPH was converted to NADP + , between 2nd and 4th minute after initiation of the reaction. The activity was assessed as nmol /mg tissue protein, Nakamura et al.
(31) .
Protein content estimation:
The protein content of the supernatants was determined using Lowry method (32) using bovine serum albumin as standard.
Statistics:
The results were expressed as mean values ± SD. Comparisons between groups were carried out by one-way analysis of variance (ANOVA) for multiple comparisons. Correlation coefficients were obtained using Pearson's correlation coefficient, a p value <0.05 was regarded as statistically significant.
RESULTS
Muscle contractile parameters: [Table 1 and Figure 1]
Results of isometric measures showed that peak tetanic tension (PTT) and twitch tension (TT) were significantly reduced in diabetic rats (group II), compared to control rats (group I), ( 19.18 ± 1.46 and 7.7 ± 0.64 in group II versus 27.62 ± 1.68 and 10.33 ± 0.74 in group I respectively, P < 0.001 for both parameters).
Vitamin E supplementation (group III) significantly attenuated the reduction in PTT and TT in diabetic rats (23.05 ± 1.72, P < 0.001 and 8.48 ± 0.56, P < 0.05 respectively).
Similarly diabetic animals supplemented with selenium (group IV) showed a significant increase in PTT and TT when compared to group II (25.75 ± 0.96 and 9.7 ± 0.61 respectively, P < 0.001 for both parameters). Administration of selenium attenuated the reduction of PTT and TT of diabetic rats more significantly than vitamin E (P < 0.01).
There was no significant change in the time to peak tension (TPT) or half relaxation time (1/2RT) when the diabetic group values were compared to those of control group.
Muscle malondialdehyde (MDA): [Table 2 and Figure 2]
Diabetes significantly increased muscle MDA from 0.16 ± 0.02 in group I to 0.34 ± 0.15 nmol/mg in group II (P <0.05).
Vitamin E (group III) or selenium (group IV) supplementation lowered muscle MDA level (0.22 ± 0.11 and 0.18 ± 0.02 nmol/mg respectively).
Muscle
Glutathione peroxidase (GPX): [ Table 2 and Figure 2] GPX muscle level in diabetic group (group II) showed a significant decline in comparison to control group (group I) (0.91 ± 0.19 and 2.3 ± 0.45 nmol /mg respectively, P < 0.001).
The decrease in muscle level of GPX in diabetic rats was ameliorated by administration of vitamin E (group III) or selenium (group IV) (1.73 ± 0.21 and 2.11 ± 0.25 nmol /mg respectively). The increase in muscle level of GPX was more significant in selenium treated group (P < 0.05).
Correlation and regression:
Significant negative correlations were evident between PTT and MDA in groups III and IV (r = 0.980, P <0.01 and r = 0.899, P <0.05 respectively) and between TT and MDA in the same groups (r = 0.825, P <0.05 and r = 0.925, P <0.01 respectively).
Positive correlation between PTT and GPX was significant in group II (r = 0.849, P< 0.05), while TT positively correlated with GPX in groups III and IV, (r = 0.964, P <0.01 and r = 0.926, P <0.01 respectively). 
DISCUSSION
Functional alterations could be seen in skeletal muscles' contractile properties and may play a role in the pathogenesis of diabetic myopathy.
The present study revealed that peak tetanic tension and twitch tension of fast twitch muscles of diabetic rats were significantly decreased when compared to control rats with no significant change in the time to peak tension or the half relaxation time.
This is in consistence with the previous findings of De Angelis et al.
(33) , who showed that diabetes induced in rats by injection of STZ (50/kg), decreased the peak tetanic tension and twitch tension in fast twitch muscles without affecting the temporal properties of a single twitch.
Also in an earlier study done by Cotter et al.
(34) diabetes had a nonsignificant effect on speed related contractile parameters in fast muscles 4 months following induction of diabetes, while the tetanic tension was progressively reduced with diabetes duration.
The lack of diabetes-induced effects on the temporal parameters of fast twitch muscles could be explained by the fact that diabetes doesn't produce changes that could affect the time course of force response, unlike the slow twitch muscle fibers, in which diabetes increases the Ca ++ . These suggested functional alterations in diabetic skeletal muscles may possibly be the result of dysregulation of intramyocellular fatty acid metabolism (38) , the production of advanced glycation end products, glucose auto-oxidation or the increased production of reactive oxygen species (39) . The most important finding in the present work, is the improvement of the altered contractile parameters of the fast twitch gastrocnemius muscle of type 2 diabetic rats, following vitamin E or selenium supplementation with a more significant effect in the selenium supplemented group.
For our knowledge, no previous studies have demonstrated the effects of these 2 important micronutrients on the fast twitch skeletal muscles in diabetic rats, instead other types of muscle tissue were investigated.
Haidara et al., studied the effect of vitamin E on the contractility of the diaphragm in type 1diabetic rats, they observed that vitamin E significantly increased the height of contraction and delayed the onset of fatigue of the diaphragm of diabetic rats (26) . The possible beneficial effects of selenium on diabetic cardiac muscle dysfunction were evaluated by Ayaz et al.
(27) who induced diabetes in rats by STZ 50 mg/kg, they were then treated with selenium for 4 weeks. Selenium treatment reversed the prolongation in both action potential duration and twitch duration of the diabetic cardiac muscle. They suggested that the effects of selenium treatment could be related to the restoration of cell glutathione redox cycle.
Our study also revealed a significant increase in malondialdehyde MDA, an indicator of lipid peroxidation, and a significant decrease in glutathione peroxidase GPX, an antioxidant enzyme, in the gastrocnemius muscles of type 2 diabetic rats when compared to those of control group. These changes were reversed by administration of either vitamin E or selenium which restored the muscle GPX level more significantly. These data suggest that the altered prooxidant/antioxidant balance may contribute to the changes in muscle contractile parameters, especially that correlation and regression studies revealed many significant relations between muscle contractile parameters and markers of oxidative stress.
In accordance with our finding, Aragno et al.
(40) demonstrated an increase in prooxidant compounds and a decrease in antioxidant levels in the gastrocnemius muscle of diabetic rats 2 weeks following induction of diabetes by STZ. (50mg/kg). Oral administration of vitamin E at a dose of 400 mg.kg -1 per day for 3 weeks, significantly decreased H 2 O 2 levels and improved the antioxidant level.
The more significant effect of selenium over vitamin E in the current experiment, could be explained by the observation of Faure, (41) who reported that the mechanism of free radical overproduction in diabetes originates from the mitochondria, so in such condition antioxidant enzymes (in which selenium is incorporated) are more relevant to reduce oxygen species than vitamin E.
In another study, vitamin E and selenium significantly decreased products of lipid peroxidation and increased glutathione peroxidase in diabetic rats' red blood cells, liver and muscles. These changes were more significant in rats treated with selenium than those treated with vitamin E (42) . It is not only the restoration of altered activities of antioxidant enzymes that makes selenium supplementation beneficial in diabetes, but other explanations have been suggested.
Muller et al.
(43) observed an insulinomimetic role for selenium supplementation in type 2 diabetic mice as indicated by better glucose tolerance and lower insulin resistance, while Stapleton,
suggested that selenium may activate key proteins involved in the insulin signal cascade. Besides to the insulinomimetic action of selenium, Wu et al.
(45)
suggested that selenium supplementation may have an impact on some gene expression in diabetic rats which may contribute to the regulating effects on diabetes disorders of metabolism.
It was demonstrated also in patients with type 2 diabetes, that selenium enriched diet could efficiently reduc blood glucose, MDA levels and increase GPX activity (46) . The fact that serum levels of selenium were found to be significantly lower in patients with either type 1 or 2 diabetes than in normal subjects (47) , points to the importance of dietary supplementation of such micronutrients which could be complementary to classical therapies for preventing and treating diabetic complications.
Conclusion
Data of the present study demonstrate that supplementation of vitamin E or selenium to type 2 STZdiabetic rats significantly improved the altered contractile parameters of the fast twitch gastrocnemius muscle and corrected the prooxidant/antioxidant status, an effect which was more significant with selenium supplementation. This observation points to the importance of dietary modification to enhance the intake of antioxidants to protect against diabetes-induced muscle dysfunction. 
